An HPLC method with reflux as an efficient extraction method has been developed for quantification of chromones in Dysophylla stellata Benth. Separation was achieved on a C 18 column with a mobile phase of 0.5% (v/v) acetic acid in water (A), and ACN (B) under gradient elution at 1 mL/min. Chromones (1 and 2) isolated from D. stellata were used as standards for method development and validation was achieved according to ICH guidelines. Extracts prepared by three different methods [reflux, ultrasonication and We have reported the COX-1/COX-2 inhibitory and antiinflammatory activities of chromones from D. stellata and found that stellatin, in particular, could be responsible for these [16] . To the best of our knowledge, no analysis of chromones in D. stellata has yet reported, and, therefore, we aimed to develop and validate a simple and accurate method for the determination of these, namely, 5,7-dimethoxy-2-methylchromanone (1) and stellatin (2).
We have reported the COX-1/COX-2 inhibitory and antiinflammatory activities of chromones from D. stellata and found that stellatin, in particular, could be responsible for these [16] . To the best of our knowledge, no analysis of chromones in D. stellata has yet reported, and, therefore, we aimed to develop and validate a simple and accurate method for the determination of these, namely, 5,7-dimethoxy-2-methylchromanone (1) and stellatin (2) .
The study was initiated to optimize the separation conditions of 1 from 2 in D. stellata samples. In order to achieve this, in preliminary experiments various mobile phases were tried on a symmetry C 18 column whereas the other HPLC conditions, like injection volume (20 μL), flow rate (1 mL/min), temperature (30ºC) and detection (330 nm) were kept constant. Acetic acid was used to reduce the tailing. After a number of trials, an optimal mobile phase consisting of 0.5% (v/v) acetic acid in water (A) and ACN (B), under gradient elution: 0 min, 75% A; 30 min, 65% A; 35 min, 10% A; 45 min, 10% A; NPC Natural Product Communications 2010 Vol. 5 No. 4 555 -558 50 min, 75% A, was found to be the best. The column was re-equilibrated to initial conditions for 10 min prior to the next injection; hence, the total run time was 50 min. This gave a stable base line peak and a good resolution of 1 and 2. The peak at retention time 28.05 min was identified as 5-hydroxy-7-methoxy-2-methylchromone (eugenin) by spiking with a standard of the same compound (isolated and characterized earlier from D. stellata [16] ) into the EtOAc extract. This chromone could not be quantified due to its low concentration in the extract. The area under the peak of this compound in the HPLC was found to be 15 times less than that of 1. Some minor and unknown peaks were also observed in the extract at 21.70, 40.31 and 41.48 minutes. The validation of the developed method was carried out according to the International Conference on Harmonization (ICH) guidelines [17] . The prepared calibration curves of 1 and 2 were found to be linear, with correlation coefficients (r 2 ) greater than 0.999, indicating high degrees of correlation and good linearity of the method. Accuracy and precision are the essential factors for determining the concentration of any known/unknown sample. The average accuracy of intraand inter-day analyses was 94-99% and 99-102%, whereas the precision (%RSD) was 1-5 and 2-6 respectively, suggesting an accurate and precise method. The detection limit (LOD) refers to the lowest concentration of the analyte detected by the method, whereas the quantitation limit (LOQ) is the minimum concentration that can be quantified. The results of LOD and LOQ indicated the adequate sensitivity of the method. The method also provided good recovery of the standards when analyzed by spiking the extract ( Table 1) .
The robustness of an analytical method is a measure of its capacity to remain unaffected by small deliberate changes in parameters and provides an indication of its reliability during normal usage. In the present study, the proposed method was found to be robust as the RSD value was found to be less than 4% (Table 2) . The validated method was used for the quantification of chromones 1 and 2 in D. stellata. The samples for analysis were prepared by reflux, ultrasonication and ASE and compared for their chromone contents. The results are shown in Table 3 , and the percentage of chromones extracted was used for evaluation of the efficiency of these methods. The highest percentage of both the chromones (1, 3.8 and 2, 20.1%) was extracted by reflux, followed by ASE and ultrasonication. The reflux method, which extracted the highest percentage of the chromones, is a conventional method based on heat and mixing to increase the mass transfer rate in the extraction system, as compared with ultrasonication using ultrasound radiation, and ASE using temperature and pressure under nitrogen flow for extraction. Also, the reflux method is simple, cheap and does not need any expensive accessory. ASE, in contrast, is expensive. In conclusion, a simple and accurate HPLC method using reflux as the preferred extraction technique was developed and validated with excellent linearity, accuracy, precision and recovery. The proposed method provides an accurate analytical method for quantification of chromones in D. stellata and other Dysophylla species, as well as for the purpose of routine analysis for quality control of formulations containing these herbs.
Experimental
General: HPLC grade ACN, MeOH (J.T. Baker, USA), and AR grade acetic acid (CDH, India), and Whatmann filter paper (Sonar, India) were purchased. Water purified with a Millipore Milli-Q system (Millipore, USA) and AR grade EtOAc (Qualigens, India) were used for extraction.
Plant material and standards: D. stellata, whole plants, were collected from Bhimashankar (India) and identified by Dr Arvind Saklani. The chromones (1 and 2) used as standards were isolated and characterized as described previously [16] .
Analysis of chromones in D. stellata by HPLC
Natural Product Communications Vol. 5 (4) 2010 557 HPLC conditions: HPLC analysis was performed on a Waters 600 controller liquid chromatographic system equipped with a quaternary solvent pump, an in-line degasser, an autosampler, temperature controller, photodiode array (PDA) detector, Empower Pro software, and symmetry C 18 column (150 X 4.6 mm, 5.0 μm) (Waters, USA). All the prepared sample solutions were sonicated and filtered through a membrane filter (0.45 μm) prior to injection. The injection volume, flow rate and temperature were maintained constant throughout the study. Elution was achieved using degassed mobile phase consisting of 0.5% acetic acid in water (A) and ACN (B).
Preparation of standard solutions: Stock solutions (1 mg/mL) of standards were prepared in ACN. Standard solutions were prepared by diluting the stock solutions with ACN to give 2, 4, 6, 8 and 10 μg/mL of 1 and 2.5, 5, 10, 15 and 20 μg/mL of 2.
Validation of HPLC method: ICH guidelines [17] were used for the following parameters:
Linearity: Linearity was performed for each standard separately. The standard solutions were analyzed in triplicate for each concentration and calibration curves were generated. The linearity was assessed in terms of slope, intercept and correlation coefficient (r 2 ).
Accuracy and precision:
Accuracy and precision were determined at 3 concentrations for both standards and their concentrations (1: 3, 4.5 and 9 μg/mL; and 2: 4.5, 9 and 18 μg/mL) were prepared from stock solutions. The intra-day and inter-day accuracy and precision were determined by injecting the concentrations on the same day and for 3 consecutive days, respectively. The accuracy (%) was calculated as the amount injected and amount found, whereas the precision was calculated as %RSD of variations of experimental values of multiple analyses of the same sample.
LOD and LOQ:
LOD and LOQ were calculated based on S/N ratios of 3 and 10, respectively by HPLC software.
Recovery study: The recovery was performed by adding known amounts (low, medium and high) of standards into a known amount of D. stellata extract after extraction to give additional concentrations of 1 (2, 5 and 10 μg/mL) and 2 (2.5, 10 and 20 μg/mL). The amount of standards obtained by spiking into the extract was taken as the % recovery, and samples were analyzed in triplicate.
Robustness:
The robustness of the method was checked by making some small deliberate changes in parameters. The robustness was determined by making 10% changes in the pH, mobile phase composition, flow rate and temperature towards the lower and higher value w.r.t normal conditions of the system. The analysis was conducted in triplicate for each change and the results are expressed as %RSD.
Different extraction methods
Reflux: Accurately weighed D. stellata powder (10 g) was refluxed with EtOAc for 3 h at 45ºC. The extract so obtained was filtered through Whatmann filter paper and the solvent removed in vacuo.
Ultrasonication: Ultrasound-assisted solvent extraction was performed in an ultrasonic bath (Barson, USA) for 3 h at 25ºC. The EtOAc extract was filtered and concentrated to dryness in a rotary evaporator.
Accelerated solvent extraction: ASE was performed with ASE 300 (Dionex, USA) equipped with a solvent controller. The sample (10 g) was placed in stainless steel extraction cells (100 mL). All extractions were performed at the same pressure (100 bars) and cells were heated for 5 min and kept static for 10 min under nitrogen pressure (100 bars) at 60ºC. After extraction, the cells were flushed with 60% of the total volume of solvent. The extraction cycle was repeated twice and the extract was filtered and concentrated to dryness on a rotary evaporator.
The above prepared extracts (2.5 mg) were dissolved in ACN (1 mL) for HPLC analysis.
